Background: Variation in metabolic genes is regarded as an important factor in processes leading to cancer. However, the effect of GSTT1 null genotype is divergent in the form of lung cancer. Methods: Studies were conducted at different research databases from 1990 to 2013 and the total odds ratio (OR) and 95% confidence interval (CI) were calculated for lung cancer. Review Manager 5.2 and STATE 12 are employed. Results: Total OR value is calculated from 17 articles with 2,118 cases and 2,915 controls. We discovered no significant increase in lung cancer risk among subjects carrying GSTT1 null genotype [OR = 1.15; 95% CI 0.97-1.36] in this metaanalysis. Conclusion: The GSTT1 deletion polymorphism does not have a significant effect on the susceptibility to lung cancer overall in China.
Introduction
According to World Health Organization (WHO), lung cancer is one of the most important cancers because of its high morbidity and mortality. Lung cancer increases roughly 400% during the past 30 years in China (Zhao et al., 2010) . The WHO forecasts that over a million Chinese will be diagnosed in each year by the year 2025 (Zhao et al., 2010) . Researchers think that there are many factors that can lead to lung cancer in our surroundings. Cigarettes are regarded as the most important environmental factor. However, not all of those who smoked get lung cancer. This phenomenon indicates that other factors also can contribute to the etiology of lung cancer, such as genetic variation. Variation of metabolic genes which involve in carcinogens metabolism is known as an important cause in the formation of cancer. As we all known that there are many metabolic genes can metabolize carcinogens. These genes include cytochrome P450 (CYP450), microsomal epoxide hydrolase, glutathione S-transferase and N-acetyltransferase. Glutathione S-transferase (GST) consists of GSTM1, GSTP1 and GSTT1. GSTT1 gene is situated at 22q11.23. It has eight thousand base pairs and consists of 5 exons and 4 introns. It encodes a protein that consists of 240 amino acids. GSTT1 has similar function to GSTM1, but it has lower binding activity. Although some researchers think that GSTT1 is involved in some carcinogens metabolism, there is no clear evidence that GSTT1 takes part in detoxifying nicotine. Besides, GSTT1 has two alleles. It consists of functional and non-functional genotypes. The distribution of GSTT1 null genotype is in great differences among 1 Center for Gene Diagnosis, Zhongnan Hospital of Wuhan University, 2 1 different ethnic groups. Some researchers consider that the susceptibility of lung cancer is different because the distribution of GSTT1 null genotype varies in different populations. However, GSTM1 and CYP450 maybe have a more important role in detoxification of carcinogens, and GSTM1 and CYP450 can compensate the function of GSTT1. We doubt that GSTT1 null genotype is the etiology of lung cancer.
A number of studies have investigated the association between GSTT1 null genotype and lung cancer, but the results are divergent. Dongxu He et al. found that the distribution of GSTT1 null genotype was not significantly higher in lung cancer group than that in control group (OR=0.69 and 95% CI [0.32, 1.51]) (He et al., 2006) . Tianzhu Yuan et al. found that the distribution frequency of GSTT1 null genotype was significantly higher in group with lung cancer than that in control group (OR=1.95 and 95% CI [1.24, 3.09]) (Yuan et al., 2005) without consideration of smoking. When it took cigarettes into account, OR value became 0.47 and 95% CI became [0.22, 1.00] in the non-smokers. This outcome makes us doubt that GSTT1 is the etiology of lung cancer. Furthermore, smoking is a major factor that can not be ignored. In the meta-analysis published in 2010, it caught a conclusion that there was a significant association between GSTT1 null genotype and the susceptibility of lung cancer (Wang et al., 2010) . However, there are a small number of articles and a fewer cases and controls in that study. Especially, it does not rule out the impact of smoking. We enlarge the number of cases and controls to rule out publish bias, and eliminate the influence of cigarettes by using the subgroup of non-smokers.
Materials and Methods

Literature inclusion criteria
(1) The subjects of literature must be Chinese; (2) The papers should include the risk of lung cancer and GSTT1 null genotype; (3) Only case-control and cohort studies are considered; (4) The papers must provide the sample size, the OR values and 95% confidence interval or provide the related information such as genotype frequency that can be used to calculate OR and 95% CI; (5) When the same study population was used in more than one paper, we included a recent literature; (6) If there were non-smokers subgroups in articles, we used this data.
Literature exclusion criteria
(1) There is no controls; (2) No row data; (3) The articles are reviews; (4) Controls are with other malignancies.
Search strategy
PubMed, Wanfang Med Online, VIP database and Chinese national knowledge infrastructure (CNKI) were searched by using key words: ''lung cancer'';''GSTT1''; ''glutathione S-transferase T1''; ''polymorphism''. The date of the search interval was from 1990 to 2013 and the scope of the search was all papers consisting of journals and dissertations.
Study selection and data extraction
According to pre-established criteria of inclusion and exclusion, a double-check procedure was carried out to make sure the accuracy of the data entry. The following information was extracted from the studies: first author, published year, the data of total and exposure number in case and control groups, odds ratio and 95% CI. A standardized procedure was performed to estimate Odds Ratio of cases and controls. Characteristics of studies were summarized.
Statistical analysis methods
Statistical analysis was done by using Review Manager5.2 and STATA 12. Adjusted OR value and 95% CI were calculated for each study, and crude OR value should be calculated if adjusted OR value was not available. The meta-analysis was carried out on adjusted odds ratios, because the adjusted odds ratios were comparable. The Cochrane Q statistics test was performed for heterogeneity in this meta-analysis. A fixed effects model was used when P>0.10 and I 2 <50%, simultaneously, while a random effects model was selected when P<0.10 or I 2 >50%. The funnel plot was drawn to evaluate publication bias. Egger's test and Begg's test were also done to check the publication bias. All the tests were two-sided, a P value of 0.05 for any test or model was considered to be statistically significant.
Results
Overview of included studies
According to the search strategy, 34 papers were selected. We had read all the papers and 25 papers were included because they had complete data. However, 8 papers were excluded owing to duplicate data. Therefore, 14 papers were included in Figure 1 , and this group took of all 17 papers, and it indicates that the mixture of two groups is interesting, because the total OR and total 95% CI decline. The result of the mixture shows that if we eliminate the effect of smoking in all 17 papers, there is no significant relationship between GSTT1 and lung cancer DOI:http://dx.doi.org/10.7314/APJCP.2013.14.12.7215 GST T1 Null and Susceptibility to Lung Cancer in China: a Meta- This table shows all usefull details,and the following information is extracted from the studies in this table. Inclusion and exclusion are determined by the information no consideration of smoking. Three articles had nonsmoking subgroup, so the data of non-smoking subgroup was selected in Figure 2 . All of 17 papers were analysis in Figure 3 . Tianzhu Yuan et al., Minjie Wang et al. and Jingnan Liu et al. had non-smoking subgroups of GSTT1 and lung cancer susceptibility. Therefore, the data of non-smoking subgroup was used to exclude the influence of smoking factors. Geyu Liang et al.; Jikai Zhang et al.; Yanfei Cao et al. and Hanchun Chen et al.; Qing Lan et al., Lan et al. and Xingzhou He et al.; Na Wang et al. and Wu Yao et al.; Kecheng Liang et al.and Juan Fan et al. had the duplicate data and data of later articles was selected in Table 1 .
Details of the literature
Test of heterogeneity
The relationship between GSTT1 null genotype and lung cancer susceptibility was shown in Figure 3 . The total heterogeneity was analyzed for 17 case-control studies and the results was P=0.02 and I 2 =46%. P value was less than 0.10, so we analyzed the summary odds ratios with random effects model. There are many causes may lead to heterogeneity. The distribution of GSTT1 null genotype is different in various regions; the selection of control group is different among articles; the mean reason that generates heterogeneity is the factor of smoking and subtypes of lung cancer.
Data analysis
The result was 1.21 and 95% CI was [1.03-1.41] in Figure 1 and the group of non-smoking was 0.78 and 95% CI was [0.52-1.17] in Figure 2 . Total OR value was calculated from 2118 cases and 2915 controls in Figure 3 and the result was 1. ]. When we combined Figure 1 and Figure 2 , the OR declined and turned to be insignificant. If the factor of smoking was excluded in all papers, the conclusion that there was no significant correlation between GSTT1 null genotype and lung cancer might be more convincible. We caught a conclusion that single GSTT1 null type and lung cancer risk did not have a significant correlation. However, it was significant in Figure 1 . It indicated that GSTT1 null genotype and smoking might have a joint action, or might be the effect of smoking.
Sources of bias and evaluation
The distribution of data was uniform through the funnel plot, and shape of the funnel plot was symmetrical, we could consider that there was no publication bias in Figure 4 . In addition, the Egger's test and Begg's test were selected to test publication bias in Table 2 . We used the inverse of the standard error as the independent variable and the standardized estimate of the size effect as the dependent variable in this analysis. The result of egger's test was P=0.119>0.05, and begg's test was P=0.174>0.05. It indicated that there was no publication bias.
Discussion
The article published by Qing Lan et al. (Lan et al., 1991) is the fist paper about the relationship between GSTT1 null genotype and the susceptibility of lung cancer among Chinese in 1991. More than one hundred papers about GSTT1 have been published during the past twenty years. Several articles discussed the relationships between lung cancer and GSTT1 null genotypes, but the results were instable and controversial. The metaanalysis published by Wang et al. (2010) in 2010 found that GSTT1 null genotype and risk of lung cancer had a significant association. However, a few studies were included and the factor of smoking was not excluded in his study. In addition, it would be better to chose a random effects model because of P=0.02<0.10 in this meta-analysis. Therefore, we re-did a meta-analysis to analyze the relationship between GSTT1 null genotype and lung cancer risk. We discovered that there was no significant association between GSTT1 null genotype and lung cancer risk.
It indicates that the there is no link between GSTT1 and susceptibility of lung cancer in this meta-analysis. Many reasons can lead to this result. Firstly, GSTT1 may be not take part in detoxification of nicotine and formation of lung cancer. Secondly, GSTT1 genotype has weak effect on detoxification of nicotine, and GSTT1 null genotype is less important than GSTM1 and CYP450 in the etiology of lung cancer. Thirdly, the function of GSTT1 can be compensated by GSTM1 and CYP450, so the GSTT1 null genotype does not cause any effect alone.
There were some limitations in this meta-analysis. First, only published papers were included in this metaanalysis, and it will cause publication bias. However, funnel plot, Egger's test and begg's test indicated that publication bias was negligible. Second, there were a few cases and controls in non-smoking subgroup in this metaanalysis and this suggests that further analysis needs to gather complete data which includes gender, age, smoking and type of lung cancer.
In a word, we found that there was no significant association between GSTT1 null genotype and the susceptibility of lung cancer. of publication bias. The distribution of data is uniform through the funnel plot, and shape of the funnel plot is symmetrical, we can consider that there is no publication bias
